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Quarterly  Progress  Report  -  7/1/93  through  9/30/93 

During  the  past  quarter  we  have  completed  the  testing  of  our  recently  fabricated  single¬ 
processor  IC.  This  is  the  last  “preliminary  chip”  we  intend  to  fabricate  before  fabricating 
our  full  five- processor  ring  IC.  Its  primary  purpose  is  to  verify  that  all  aspects  of  our  ALU, 
program  and  coefficient  RAMs,  and  Register  Blocks  are  functioning  correctly.  The  chip 
provides  for  11-bit  input  and  output  data  with  16-bit  internal  data  and  11 -bit  coefficients 
(stored  in  on-chip  memory).  The  chip  also  has  an  8-bit  microprocessor  bus  interface  for 
loading  programs  and  coefficients.  The  IC  contains  25,000  transistors  and  occupies  an  area 
of  14.8  mm^  (3.7  mm  by  4.0  mm  including  pads)  in  1.2-/im  CMOS  technology.  A  block 
diagram  of  the  chip  is  shown  in  Figure  1. 

Of  the  24  parts  that  we  fabricated  through  MOSIS,  19  were  found  to  be  fully  functional 
and  all  19  functional  parts  operated  at  an  instruction  clock  rate  greater  than  50  MHz  with 
a  5V  supply  voltage.  The  Tektronix  LV500  Chip  Tester  that  we  have  been  using  to  test  our 
chip  can  only  operate  up  to  a  50  MHz  clock  rate.  Thus,  at  the  present  time  we  are  unable 
to  determine  the  maximum  operating  frequency  at  a  5V  supply  voltage.  Figure  2  shows 
the  test  results  for  the  minimum  supply  voltage  at  which  the  chip  will  operate  at  50  MHz. 
Figure  3  shows  the  test  results  for  operation  with  a  3.3  V  supply  voltage.  Due  to  LV500 
tester  limitations  we  can  only  test  the  chip’s  operating  frequency  in  4  ns  steps. 

We  have  also  tested  the  '’hip  by  programming  it  to  implement  several  filters.  (While  this 
is  a  preliminary  test-chip,  it  can  also  be  viewed  as  a  fully  functional  one-processor  “ring.”) 
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Figure  4  shows  the  transfer  function  of  a  15-tap  lowpass  FIR  filter  which  was  implemented 
and  run  on  the  chip  at  a  50  MHz  instruction  clock  rate.  The  filter  requires  15  program 
steps,  so  the  data  rate  is  3.33  MHz  (only  3  steps  will  be  required  on  the  five-processor  ring, 
yielding  a  data  rate  of  16.67  MHz).  We  have  also  programmed  a  cascade  of  two  second-order 
HR  filter  sections.  This  IIR  filter  requires  10  program  steps  on  the  single-processor  IC,  so 
the  data  rate  is  5  MHz  (only  2  program  steps  will  be  required  on  the  five- processor  ring  IC, 
yielding  a  data  rate  of  25  MHz). 

We  have  made  considerable  progress  on  the  design  and  layout  of  the  five-processor  ring 
IC.  This  IC  will  have  five  of  our  processors  arranged  in  a  ring  with  a  dual-port  register  block 
between  each  processor.  Figure  5  shows  the  top  level  block  diagram  of  this  IC.  Each  of  the 
processors  is  identical  to  the  processor  fabricated  on  the  single-processor  IC  and  each  of  the 
register  blocks  is  identical  to  one  of  the  two  register  blocks  included  on  the  single-processor 
IC.  This  five-processor  IC  will  be  pin-for-pin  compatible  with  the  single-processor  IC  we  have 
already  fabricated.  Thus,  it  will  be  a  “drop  in”  replacement  for  the  single-processor  IC  on 
the  demonstration  board  we  are  developing.  We  expect  to  fabricate  the  five-processor  ring 
IC  in  0.8-/im  CMOS  through  MOSIS  during  the  1st  quarter  of  1994. 

Two  IBM  PC  boards  which  have  been  designed  to  demonstrate  the  capabilities  of  the 
ring  processor  have  now  been  successfully  built  and  tested.  The  two  boards,  which  interface 
directly  to  the  IBM  PC  bus,  allow  for  the  computer  hosting  the  boards  to  upload  image 
files  for  two-dimensional  filtering,  or  a  data  file  for  one-dimensional  filtering.  The  first 
board  (see  Figure  6)  contains  four  of  our  ring-processor  ICs,  a  PC  bus  interface,  and  several 


2 


state-machines  for  control  of  the  data  paths.  The  second  board  (see  Figure  7)  contains  a 
large  RAM  bank  for  storing  images  and  the  necessary  blocking  and  control  circuitry  for 
implementing  two-dimensional  processing  using  our  ring  processor  chips  on  the  first  board. 
The  boards  also  allow  an  external  data  source  to  be  fed  to  the  processors  for  higher  speed 
processing.  Both  boards  have  been  debugged  and  tested.  A  custom  software  package  is  now 
being  written  which  will  allow  the  user  to  upload  images  and  data  files,  as  well  as  to  program 
the  processors  in  a  user  friendly  manner. 

We  have  presented  a  paper  entitled  “High-Performance/Small-Area  Multipliers  for  Use 
in  Digital  Filtering  Applications”  at  the  1993  Midwest  Symposium  on  Circuits  and  Systems 
in  Detroit  August  16-18,  1993.  A  copy  of  the  paper  is  included  with  this  report.  We  have 
also  presented  two  papers  at  the  International  Conference  on  Signal  Processing  Applications 
&  Technology  in  Santa  Clara,  CA,  Sept.  28  -  Oct.  1,  1993.  One  paper,  entitled  “A  Pro¬ 
grammable  Digital  Filter  IC  Employing  Multiple  Processors  on  a  Single  Chip,”  describes 
our  ring  processor  IC.  The  other  paper,  entitled  “An  Efficient  175  MHz  Programmable  FIR 
Digital  Filter,”  describes  the  programmable  FIR  chip  that  we  reported  on  in  a  previous 
progress  report,  and  on  which  UCLA  has  filed  for  a  patent. 

The  paper  entitled  “Automated  Programming  of  Digital  Filters  for  Parallel  Process¬ 
ing  Implementation,”  which  describes  the  ONR-supported  development  of  a  computer  al¬ 
gorithm  for  automatically  writing  optimal  programs  for  the  implementation  of  arbitrary 
digital  filter  structures  on  our  ring-of-processors  IC,  was  accepted  for  publication  by  the 
IEEE  Trans,  on  Circuits  and  Systems.  This  paper’s  publication  has  been  delayed  some- 
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what  due  to  the  unusual  backlog  situation  that  this  journal  is  presently  experiencing.  In 
addition,  our  ONR-supported  paper  entitled  “The  Design  of  Two-Channel  Lattice-Structure 
Perfect- Reconstruct  ion  Filter  Banks  Using  Powers-of-Two  Coefficients,”  will  appear  in  the 
July  1993  issue  of  the  IEEE  Trans,  on  Circuits  and  Systems,  however  only  galley  proofs 
(copy  enclosed)  are  presently  available. 

The  UCLA  M.S.  thesis  of  Michael  C.  Kennedy  was  approved,  and  the  M.S.  degree  was 
awarded.  This  thesis  project  involved  the  design  of  a  VLSI  silicon  compiler  to  generate  a 
16x  16-bit  parallel  multiplier  with  extendible  word  lengths  for  digital  filter  applications.  It 
included  the  ONR-supported  MOSIS  fabrication  of  a  state-of-the-art  multiplier  IC.  The  work 
will  be  of  value  for  our  group’s  future  research  projects. 

Another  ONR-supported  MS  thesis  project,  that  of  Linda  Ying,  has  required  two  MOSIS 
fabrication  runs.  We  expect  Linda  to  finish  her  work  this  fall.  She  is  implementing  an 
efficient  “prefilter”  IC  for  use  with  the  above-mentioned  programmable  FIR  filter  chip,  to 
form  a  prefilter-equalizer  cascade  structure  of  the  type  reported  by  Adams  and  Willson. 
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Addr  Data 


Figure  1  -  Single-Processor  IC  Block  Diagram 


Number  of  Parts 


Four  of  our  single-processor  ICs  (each  as  ihustrateci  in  Fig  1 ) 
To  later  be  replaced  with  four  of  our  5-processor  ring  ICs 
(Lach  as  illustrated  in  Fig.  5). 
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Figure  6  -  Processor  Board. 


,'•  ■•■■;■■*  .  \-s  i  r’ '>i\ •r-*' - 


f  .  UflRlUimillltUlfl  . •  . 

il 

II : 

1 

1 

1 

'  i5fU<ULt((£.imuiiW 
■5nmHll(lJj;uil)lli- 

•  •  -k  .  4  1  t 

;•  .iiiiillif  • 

■  ■  .  ■■  *  •, . 

'1 

■1! 

1 

• . .  . . - . 

)J 

• '  1 « 1 1«  1  • 

<n 

» ^ \ « .  ■ '  : '  1 .  t .  •  n  « »  ' . » 4 .  k  n  ; »  4  •  4  ••  4  \  V 

'  1  Hi  i  n ::  1 1  n  1 !  n :  i'  i :  li.in: )  liii  til 

•  • • 1 1 •  li tt  1 

;■ . Ilfll 

«9 

E3  ■ 

pi: 

riutiiiuii 

/  ■/  J  I 

I  I 

I  II  •!  il 

t  I  ’  /  ; 

I  I  I  I 


Figure  7  -  2-D  Filtering  Board. 


